Riemann identities on theta functions are derived using properties of eigenvectors corresponding to the discrete Fourier transform Φ(2). In particular we get various fourth order identities of classical Jacobi theta functions.
Introduction
The discrete Fourier transform (DFT) is a well known computing tool for applications in engineering and physics. It is also a source of interesting mathematical problems. The trace of the DFT matrix is the well known Gauss sum up to normalization factor. This work is based on the Matveev [1] result that eigenfunctions of the DFT can be expressed as the linear combinations of theta functions. This has been used [2] to derive the basic classical identities of Jacobi theta functions, in particular extended Watson addition formula, Watson addition formula in an elementary manner. In this paper we derive an extended version of the classical Riemann identity and show that Riemann identity is a particular case of extended Riemann identity.
In Section 2 for the completion we state the basic notations and preliminary results that were given in [2] . In Section 3, we derive an extended fourth order Riemann identity for theta functions and show that the classical Riemann identity follows from it.
Preliminary results
The matrix Φ(n) corresponding to the DFT of size n is given by
n .
(1)
It is clear that Φ
Proof. We have
This gives the following two identities
Consider the eigenvector (3) at the arguments x + τ 2 and y + 1, we have
where
Since v(y
are eigenvectors corresponding to the same eigenvalue 1,which has multiplicity 1 (see [5] ) we have
This gives
Consider in (8) the terms with coefficients as 2 √ 2, using Eqs. (4), (5) 
Similarly by changing the variables x, y to u, v we have,
Multiplying (9), (10) gives
Proof. We have from (11)
In (13) 
